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(54) MAGNETIC HEAD/DISC TESTER HAVING CLOSED LOOP POSITIONING SYSTEM 
FOR CORRECTING THERMAL DRIFT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To give a head/disc 
tester having a closed loop positioning system for 
correcting a thermal drift generated in positioning a 
magnetic head to a magnetic disc. 
SOLUTION: A step motor for roughly positioning a 
magnetic head and a piezo-actuator 37 for fine 
positioning are included. Linear encoders 40, 42 
supply feedback information to a closed loop 
positioning system for controlling the piezo-actuator. 
Servo bursts are used as an information source of 
additional feedback for the same closed loop 
positioning system. While the magnetic head moves to 
a designated instruction position, the servo burst 
feedback is set off, and feedback from the linear 
encoder is used by a PID loop. When the instruction 
position is reached, a servo burst loop is set on and 
the instruction position of the PID loop is changed so 
as to hold the burst signal ratio constant. 
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A. ; 

; 

(D^ 1 -7 ^ — hV-< ?/ ^ ; 

mim. 2 1 BtIfEfi®f^'tt^^;65 : Vyy<P 
[fS^JS 3 ] mJlE^ 1 7 >f - hv^ y ^ ^m^. BiIIES 



\mm. 7 J HillS^^x ^' ^ <o h 7 '7 ^(n^'iMt^ 
(p I D) Hiffaih-^^<-;^ hm-^to 

^'L^mfi-hm.Wi(Dyiry^y V (^^otciiim) iz^^bn 

<D:h^Xhr>X : 

A. m^m^v"^ :^^i>zi^'r^. mii2mm->'7 k<o, hit 

B. mmmff ^ k.<Dw[^^'t^^ii^^m.-)5n<Diry 
^BiT&^j?'^fa:®^sist^6^2(D7^- hv<5'^a^ 
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sS^lt^ 1 1 (^I5^co;^&o 

i i. itBi/Bz^U^Bz/Ba^tt-lL-rSr i: ; 

i i i. §1, 1 l^ia^^lt{^jtft£;-r^ 2o(Dv<— ;^ h^i^ 

A. mm ; 

X : 



i i. mim:ty±yh (^i^ofcM) (D^^xmt^l^ 

®) <D^^izmm-r^. m^^t.titz^^<-^ h^m-r 
ufc, tam^i^^ivtzm^-^^m-r^ (^tzit. ^tjm 

-r) igffl^ixfc. Wfm<D:ty^y hm^izit.^ 

-c-. Btji5*^^^tt^c {-^tzn. ^^m^tifz) m 
fz}h\z^ mmkm^Mz {■^fz\t. M^ns^titz) 

[isjj^^i 9] m^^h^mr^n^fz^j-v/^^ V 

V]'BVyyi^<D^*t^^\z.f^^XW:^'r^m^7'^:^<7±. 

(D'f—^ h9 y^{zn\^x{^m{^^-f^fz}^(D^mx^^ 

X. 

y-\^y V^^-^tz{tLm.\zm^^h^ti^. 2o^fc(i^ix 

\zn^mwi<r>mm<07^y'\-y h i^n^tzitLm.) \zitLm. 

-e, mfm.mz (^fcfi. HfllEi^-^^<— h 

^m^"^^. mmmm.<D^^y±y V i^m^tziiLm 
c. t^^mmm.^mtmm(D^y'^y V(D^f\.^fh\zm 

yh (^^ofcmm) (Dii^$ttfcio(cs^fi®{^-(t-r 

[0 0 0 1 ] 

rzJLm<D'^^y'RXJ^. ^<DXo^j:T:^^~(Dm^^y 
(D{iLm(Omh'Vy h (thermal drift) ^#fi^-rS:^& 

izm-r^o 

10 0 0 2] 

i-:i^tznm^<Dmmm^j^v^. Mft^-r^m(Dm^m 
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[0 0 0 3] -^t^, \^mt. y"^ :^^^(Dm^i^^m 

h 7 ^O^"'!:-!! (track center line) _b^fcli 

^ig/jrU- K^O^^^ h^i^^Ui^tf 
(0 0 0 4] r7^^';^.^^Sb^ej ^fcti ^y'AT.^ K 

[0 0 0 5] t;&5t5fir^co-^2/ hv^-r 

(^SitffF#-^5.382.887) (D±,t-h<Dmi)m 1 
ftXl/^^o r(Dlli(D4ir', v";^^— (i. a^-^ (carria 
ge) (::@^^tLfc7K¥®t^X-YJ^^^i:^]^L-r.Tt^ 
nxt/^^^'^-^ (carriage) 1 0 ^}^o„ ti^-^ 1 0 
S^2 3(^^0M{tbH, X$^t^^£>oT^£^U■rv^ 

(DV^^isi-x. (y ^-^i 5 ^^2^{c) 't'.L^iC'fiE-r 
^xRxfYm<D^!^.^^h^^\^x\^^^mm (z) ^(Dm 
ox\s}mx^^o V y-^h^ri^m%-^y 

[0 0 0 6] mm.^y h'l 4nV 3RXfl 5 CO^ 

'L^icfis-rso m^r^ ^i^^m (tUTF-^-T) fi. 

1 1 (D^^^-^x.^, ti^-^ 1 0 ^5 t--/u 1 6 :j^oj 1 8 
iz.r^'oxxm:^\^i^^y^ h*-t^t^. mn^y\^'i4 

2 1 C(c^„^o-C:^^-< K^Hg^<C^r^>^p 2 1 Atc^ 

^L/c^'^>v?2 1 ^©^^-frSo ^my^y^ 2 1 A 

fi, f^i^yTrJ'^^^— (piezo actuator) 1 7 |C 



10 (&U=, ttHC^K>. ^yh'14) <DXm^r^oX 
(DitLmn. ^ — ^—1 9. M^v?2 l^O^, -fxii y^ 2 

[000 7] iCillziiVn — 2 0SU^2 2(1. a^-^ 

1 0(DfSi^aiHc, am-^co^i()i::^L¥tfT'. a^-^1 0 

2 0 aS:Uf2 2 a , "TiljIfP^. f^'.^^:?-^. 

1 5l::M;t ^ti/c. ^5)-2 0 b^Uf2 2 b i:C02-O(D^ 
^^TD^^fife^o 1 o(Ojf^^<i: UT. -^5/ K 1 4(^^&£7)fi 
gfi^ ^>'=i — 2 0^^Uf2 2cOgg^^i9fii(^ti;fjP^ 
1^? (arithmetic mean) tC J; <9 t# ^ixSc 
[0 0 0 81 -^-y Kl ACDm.-^^^^m.b'mE^iKO^ 

t'niyz^^^^— ^— 1 7icigffl$na:7^ — 

^-1 7li. •?:tl(DX:^r6]CO^?fe (:g:^) ^l^g-T^o 
^^<b UT. ti^^l Oli, -^5/ Kl 4^M^tL^fi® 

[0 0 0 9] T^x^ h^'tx^ra^i^^fbLfc.b V/ 

y^^T:^^-(D^x(Dm^. mc. ^m-^10. m 

m.^y h'Xm 2. Kl 4 ti|^.fl^?g^fc(i 

— 2 0 ^^U^ 2 2 (7)lB^JP^i^(7?^^© ftfi--' y K 1 4 CO 

[0 0 10] izt7i.-mM.ti^—'^(r>}i^X'i:,^ Y/y" 
^y^^y':^^—<Dm:f^^tzM^u\-X^ ^f\.h<r>y- —<D 
mm (0iJ;tf^, =^—^—) --(Oifi^(cfe^?LT. m^'^o 

^ 1 1 (D^^ ^ ti^/c^ib-r^o UT. 
y"^^^ \\\:.n't^mm.^yV\4<r>\tM.\'t. UMM. 

[001 1 1 

Y<O^tm.^M-i-^0.\^mf^^y Y/y'^T.^ 
y-7^9~^^^-t^:Lht^^mm^^X'^^. 
(Dt. 9 1 o£Og&t](i, ^<DX,o^iL^y Y/=f ^ ^^^y^:^ 
^-xm%,-^y KcDfigcoHB Ky h^^^-TS&^f^- 

\-1(D^m^^'7L^^tX'^^. lO(Di6<]fi. ^ti 

m^\^. 0. 0 0 2 5 m(D;!t— T', (Mf^tt 
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{0 0 12] 

m<. h7i/iJ^iai2^£r:*^<-L/ - toft 

(^^^•r -5 i^) (C^^ ^ ix ^ „ 
[0 0 13] 

xj^m(DB^. ^m^^^Win. aTcoiftp^i 19 , -^M-H 

[0 O 1 4] I^Ky :7 hd^^JE^n^^/v—^fMf^tt 

Oli. (^SFIS<Dy V^^S 3 $:^;t. S'^-^ 3 0 (D7K^®(0 
^-i/S 5 ^^;t'5o f*9^y >'^3 3(i, 7-:^V^tLh^ 

^ — 3 9(CJ; 19, (7K¥S<7)U— ^1-4 1 B^tJ«4 1 CJb 
^yi:>j\^\z.:;^=7^ V^W^) ^m-^ ^ y ^ ^ 1 A\cm^ 
Ufc0^>i^4 1 ^^UT. ^fnT'^^n5;^fS]t:iiEll± 
tc«$n6o tim-^3 0[i2>:(^, t:':3i>^r ^^^^- 
^S'— 3 7{;ij:or. 2 1 AtC5?t-LTX:^f6]|c|g 

(i. ^iFPy >-^3 5^UfaM-^3 OtC^UT CZ#(D^ 

mm.^y K3 4^[pI^^-fr-6/c56tC^ffl^ix2»o 
[0 0 15] mB^>=^ — ^~4 0Rrj4 2it^<^m-^3 

-r^'.e^^^, ^^4 SCll^-ftbn/c. ^^4 0aSr/4 2 

fz. U^j^ 4 0 hRlTA 2 h t(D 2 ^(0^i^t)-hf&^. ^ 
y 3 4 <Dm.^<DitLm (Rlf. ^ticoy — hV^-f 



■Y y^ (read/write gap) ) ti, — 4 0^15 

4 2 £Di!^^ "9 fi:co^SiJDip^ (arithmetic mean) izX 

[0 0 16] ^cOftil(cSS4 3lC^<9^tlte>^xXV^^tj 
(^(i, ^^7^^^^ 3 1 ^Biil^f^i^D-eiHlfe^iJr^tL 

t'> h'yu (spindle) 4 4X'h^o ^ t''>' K/^4 4 
a)^^:iL>'=i-^- imTT^^ir) it. m^y"^ 3 I 
(D^^(OmW:i^Mft Lfc— ilt^-t ^ ^ — /NyU^ (sector 

pulse) ^^^■t*'5o 

[0 0 17] :i^aT*T*ISi^^nT#fc--y K/T^-r;:^ 
7^;?^ — fi^ Guzik Technical Enterprises (San Jos 
e. Calif.) tcj; ^3Saig$itTV^5Model 2550 Read-Wri 
te AnalyzertgliS UT^ffl^nri^^^Model SI 701 Spi 
nstand 1^ ^ T* -5 o 

[0 0 18] :^^mo:>^y VXt" "(OmM 

"T^T.^ Z\ \z,n-t^nm.^y Y 3 4<DlEmSi'SLm'^\'i 
iJrStll (C-r ^ OTi-t- tt v- 7^ A ^ ^il-r ^ r ^ T'fe 6 . 
[0 0 19] {4gM{tV;:^7^Aiilh-7K^tFf^4 5^0^ 
M0Jmi^4 g^^tfo 1^->i^'^^^^^A;^^^lo(i^ 
^^2/ K3 4(Dy- Km-§-ai;^(cg^i^$ixSo ^fvK 

— ^— (spindle encoder) -y— ^K^^^ff^ 
<7)>b9 1 0(DA;'3tCl— iiiTD-fe ^ ^>Vl'y^. (sector pul 
se) $rA;^i~^o -!^-vi^^W^4 5(^iootH;^tia^ 
K3 4 (write element) tC^iic^ 

[0 0 2 0] {ue^Jt^g§4 9(D2o(DA/Jtiii:j|^^>'=i 
-^^-4 0^0:4 2C0ffi;^j(C^i^$n, {5:®^J^^4 9 
2ocoA;^tii^— ^5)'tFf^4 scoi^— 

>^ hull's (servo burst amplitude) tii;'3(C^i^$ix 

60 f5:®^J^^4 9(7)^9 1 

o(OA;^?{^A;^^tt6o {iP0J^^4 9coffi;'3fit:":i^v' 

Ti^'^^rn-^?— 3 7(cm^&*J(C^i^^iX^o 

[00 2 1 ] -^^m<n{iLm-^^'^^y^'7-Mt. ( r-y--^ 

[0022] 7^^;^i?_h^:la^#i^^^^fci^— h 

^ hirx-^ h^y^(^i5ij(iIg]3(c^$nTv^ao 
[0 0 2 3] 
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TCL (track center line) <DH^]5:\Z^'L-f}'^^^.^ 

-;=^hii, ©iDic. ^li^LT (^fcit, m^mc) 

5/h^4^*>, hBliTCL(7)'b9— :^<=o>H-ig!]t::T 

;^fS]lC;i->'-fe5/ h^i^oX) , t'-^'*^ TCL (^fc 

2t^^^^^o2iifH-^T*fo5o y " Ky- H^a^(^^^/^ 
[0 0 2 4] mi^^. ^y h'<Dm^72^?^U6^\t. Vyy 

h A{^<t5S*iitii^^>L, KBCiJ;^ 

^ hB7i-e)Coig;^^tt^um-^co^*slCJ^^-r^i^"J}^^<— ^ 

h A;0^e)CO^;EfaiLm-^cDfilitii(DJtli-^T'fe5 (^/t 

[0 0 2 5] 'ijs^%w^\z.^\^x. ^-^^^<^-7^v\%. m 

xl^, ')~V/y4 V^yV^Vyy</<n^LAZ.^mt 



^\^^mm,(n:^-7^y V^<n^m.^\^<r>. ^^DiSUXtD. 

m^xm^X*^^, ^y Y<0^<y :^—^'Bi,n^—^-^<— 
y^V<nWmt^'t<r>^yY\zX^xm^^tz^. rixe>(D 

■^'^^Z.tt^X'^f^W 

[0 0 2 61 z.^ry.h<r^wm^m^\^. -^yYKz.n'T^^ 
^(DVy y^t^hho \^<^Vy y-^^^^^. y^^:^'^ 

[0 0 2 7] ^^P^(7)$f^ix6llSS^^Jt-ti^9 <t. 

^^-—y^ HASio^Biiii^i^^m-^T'foSo 

^Biit:i. IgI3(D±^(c[ii^$nrv^e J: r^xf^co 

9tc. i^— hA(i---2/ KcoS#3^^itiS (write- 
width) <r:>\ / A\z.^\^<^y'^y V^WnX^^^h-^ 
H-So •t^— Jj?^^— X h Bfi----;/ K(??^5^j^^itiitO- 1 

■ty hhm(Dmmm\zxmm^tix hx\^\ 

[0 0 2 81 ii|4li, 2^(Dy^—h'^<yi^\nmm-^^h 

5^^^4 5li, ;^ fV- hVU4 4<D^V^ — ^— /i*e>OA 

tfo V— >!r>'i^6 5liv-t' hiii(iS^6 e^iiUT. 

K3 4(7?Sf^i^;^9^^{C^i^^tt^o m^^y K3 

4(oi!;^i2^;9.^^-ij:y- Kiiti§i6 ^n, 

fiiEJ^fJT', ^^mSg6 2, AD^^ (ADC) 6 3 . 4^ 
i^Sg6 4, ^r/. :&^(:1{5:®0J^^4 9tZ^^$n^o 
^1^^6 4{i. v'-y>'-tH6 5/ii^^(^>{t-§-T->>'- h^J?S 

[0 0 2 91 WjHf^. '^-n<<Dm^^^RX)^m^i2^^W} 
^tfii^-?^^^^S§4 5(cJ:'9^tt$n6. ;^t'>'K/i'4 
4(1, t'v hVUTS^T^^ 3 1 ^[el^^iira ^ i^, fe^ 
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-r h±i4©if 6 6^^^ (enable) C-T^fci^ll^^ ^ix 
[0 0 3 0] --2/ K 3 4 y - Kft^^^ 

— Km-^<^^i^j^ (envelope) ^^^{t^-^^ftl-T^. 

^(n^^m\t^'\±^l^■^')>^Au^wm (ADC) 6 

StCitJ-t^-^-T/y Vi/SU^T^v^i^yWb^tt^o ADC 
(6 3) ;^l^e^^^7^>^^'>'^^tfi. 1^— 7}f^^— ;^ hco^^igc^ 

(7)y — K-y— ^ai;'3co^©T*-y— 7K^<— vtw\ 

^ib^ixSo I1130TflStc^^ixTv^.SJ;9(c, y-K 
(high) Ci/^^o y — K-y— ^'y— hcol^ l (7)^-<yu;^ 

K-y— h(^2o(^vs^ (high) 

¥^^6 4l:±-y— h A^urB(^):^i±i$ixy^c 

^ix^*ix(D^t^ft:^ttfciit^ig-rm-^^-y— ^ 

(0 0 3 1 ] hff'. K3 4(iii^, h7 2/i^<7) 

^ ^^^^i:t-^o (m 5 ic^^nr^^S) 

^7 2, 7 3. ^^0^8 0. )±mm^^0 (P I D (prop 
ortional- integral-derivative) ) ^/U— :7^^J®^^ 
H 7 4 , li*^^ 7 5 , teg^i^Jfg 7 8 . 7 9.^ 

^y — 8 2. (scaler) 7 7. RXJ^2^<D:^ 

^jta5§7 1 ';/^7 6 ^0^8 1 ^{ug 2 -^-ib/i^ 

-To ;^-t''>5^7 6S:0^8 l/5S-(7){ig(cfoSi:#. 
^7 2(DA;^|(?5 1o(:J-tfa{c/jri9, ^ntC<t<9. 

<Dy ^— Vy<^y<:^in^SiJ^XfS2n. -^'yK3 4^^^ 



cofeit{i®^i^^7 8T*^^<b^7l^c i^^T'foa (S 
! + S2) /'2fiJ[JD^§g7 3r-^^{i®75-P>igE»^ix6o 

(i, li<ig^7 5 ^fr LTt'':iiyr^^^^— 3 7-- 
ei5^^J®m-§-^igjE-rSf::fel^. P I D (tt0ij^5>^ 
^) ^- h 7 4T'i^^^n5o P I D^J^tD^mi: L 

[0 0 3 2) fi®f+tt^^-255ifo{^igb/c<t#. mm 

^Mz.) -y— 7}?/<-^ h A<t-y— hB(D^i(is(?5 
it^^^y-8 2oga?^j(c^# (-fe-:/) -r^o 

■5) o ^TOO^^— :^ hfOltd^i^^^nfci: ^J^^ 7 
l(i;=^-f 5/^7 6^0?8 1 ^t\.\^^ 

[0 0 3 3] #-tr^ ^-CiitL. aiJta¥^7 1 fi. *t^^ 

ff^L^tLfc) ^?icD-y— ^ h A<t B(0^*^(^M:^ 

;^^y-8 2(ci^#$nfcJt7:)^e»it^-r5o ( c-y- 

) (j:;;^/r-^-7 7 T'-y— ^^J^^^ (se 
rvo control factor) \Z.X^mW-^n^. f— 
^li-^ y K 3 4 SU^^^T^^' ;^ ;7 3 1 t^fe^f 

\^^\ P I D^Jt^^-:y Mi. -^5/ K3 4^ h^s/^(D 

j^-f) /cie)(zii(is§g7 s^^n^bTt'^yr ^^^L^— 
-3 7 tcii^^ix6^j^a?m-^^^<^iE-r^o ^mi:L-c. 

[0 0 3 4] -y— 7K^<-x^ hfO^^-— \^^<yC^i)^^m^ 
tiS^T-^^o -y— tK^^— ;^ h75^e><7)>'^— K 
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[0 0 3 5] "t:^ h^'IC, -^y Vf)*-&.m\C^m^tLti^ 

(0 0 3 6] umizmm^titi:ty± y h^con^m^. 

b, --5/ K3 4^±iE$ixfcJ:9^^^5tt^nSM(-^ 
(0iJx(f, 0. 0 2 5 /im) J£iTi' ofc i: . 0J 

[0 0 3 7] ±M\.fz{tLm.H\'f'^:^'rMzX^mm-t^ 

H) . D (^fcCiG) . E (^;tliF) tiif-Tj^:^^^ 

[0 0 3 8] ^^^y K3 4 ;5StT t V ^^:7-fe hiC^gS!) 

-r-s^-^. fMf^-ft:3^^-2S^o{c/j:o/^^^,r% tt^s§ 

9 0(i©l33iO-tr^^-{C^U, ^^-;^hA. C 
fcfiH) , D C^fcliG) . E (^fcliF) ^tttSL. 
3o(0©:^a'|iSC0/<— ^ hBi ^Bz^Bs^^otttin 
-To {^^S§9 lli20(D^^-y^ h(DUm^\tBi/B2^ 
U^Bz/Ba^^Ottm-t'o ^ bir 9 2 (i. 3 

2iO^N(2) ^j^JF^-fa (Bi ^Bz^Bs/^OT', Bi/ 

B3flSt::Bi/B2^r/B2/B3(^fSj^cJ: 0 

-C. $ij^^7 1 fiW:^^ 9 0^:^:7 CLL. y^-;^h-feu 
y-8 2(^i|im-r'6o ^TcT^^^-p*^ hcOit;6^i^^^nfc 

^i^. ^jiSi^7 ifiy^^ -y^7 6^o^8 i^mmw^W) 

#^{c-r-5, hN<'> Z5:U^N(2) ii^fcl^, 2>'<— ^ 



[0 0 3 9) ^^--2/ K3 4fi^\;xmc^m^f\.fz:^y-^ 

y hi^^i!}t-^<l:#. ^J^^7 ^y K3 4^^3je 

h<Dy^~h'y<y^^mm'r^. ^m.Hn^^y—t^m'^ 

(Dm^^ mx.it. 0. 0 2 5;im) l^TtC/^ofci: 
iX'5-<#^<— hco^fltNtiJ ifct/N<2> ^p<^y — 8 2 
{^fflr-S/ti^XC, ^n(iit®E^9 O^te^trU, 

h-t Ui^' ^ 9 2 ^m^-r^. ^t^^. ^jp^ 7 1 li. ^ 

t/8 1 ^(5:® 1 (cS?)?i^U. ^mcj:«9. 1^-7K^'<-;^ h 

[0 0 4 0 ] (E]6{C^$ttTV^6^^— ^ b(^^(i. -7 
/4Ti: + 7/4 T<t(7>rBliO"STtg/^^:7-lr ?/ hcoigiH^ 
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